THE TAXONOMY OF LACTOBACILLUS HILGARDII AND RELATED HETEROFERMENTATIVE LACTOBACILLl l REESE H. VAUGHN/ HOWARD C. DOUGLAS, and JOHN C. M. FORNACHON
t SOME heterofermentative bacteria of the genus Lactobucdius differ from the better-known species in that they decompose fewer organic compounds, are more difficult to cultivate, and grow more slowly. Pederson (1938) 5 has referred to these lactobacilli as the "inactive" group. Species which may be included in this group are Betabacterium caucasicum Orla.-Jensen (1919) , Lactobacillus fructivorans Charlton, Nelson, and Werkman (1934) , and Lactobacillus hilaardi» Douglas and Cruess (1936) . Certain strains of other species reported by Pederson (1938) and the two groups described by Fornachon (1943) as Lactobacillus Type I (named Lactobacillus trichodes by Fornachon, Douglas, and Vaughn, 1949) and Lactobacillus Type II also belong to the inactive group. Their taxonomy is confused. There are some obvious reasons for the taxonomic confusion. The inactive group as a whole is not well known, either because the bacteria are not prevalent in nature or because their more exacting growth characteristics do not favor isolation from sources containing other lactobacilli having less fastidious requirements. Furthermore, the original descriptions of some of the species are not adequate to allow for comparison with previously described species. Regardless of the manner in which the taxonomy of this "inactive" group is finally treated, it is fundamental that the individual species comprising the group must have adequate descriptions. The following information is presented to establish the identity of Lactobacillus hilgardii, for which an adequate description is lacking. (See Pederson, 1939 , 1948 With this identity established, the taxonomy of the "inactive" group of lactobacilli is discussed.
CHARACTERISTICS OF LACTOBACILLUS HILGARDII
Since the original type culture of Lactobacillus hilga,rdii had been lost, it was necessary to isolate new cultures similar to or identical with the original strain. The new isolates were obtained from California [,See "Literature Cited" for citations, referred to in the text by author and date.
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134 Hilgardia [Vol. 19, No.4 Tittsler Biochemical Characteristics (at 30°C) Catalase: This enzyme is not produced.
Fermentation of glucose:
The principal end-products are inactive lactic acid, acetic acid, carbon dioxide, ethyl alcohol, and glycerol.
Fermentation of fructose: The fermentation of fructose is characterized by the formation of mannitol in addition to the products mentioned for glucose.
Fermentation of d-xylose:
The end-products of d-xylose fermentation are inactive lactic acid and acetic acid.
Utilization of carbohydrates: Only d-xylose and fructose are consistently fermented in suitable basal media (tryptone or yeast infusion broths) adjusted to pH 6.8 to 7.0. The results with glucose and l-malic acid are erratic. All other sugars, alcohols, and organic acids tested in the same media with the same initial pH range are not attacked. (The basal media and substrate solu- April, 1949J Vaughn- tions were sterilized separately and mixed aseptically just prior to inoculation, or mixed and sterilized by filtration.) When, however, the same compounds are tested in the same basal media adjusted to an initial pH in the range 4.5 to 5.5, d-xylose, glucose, fructose, galactose, maltose, lactose, sucrose, and raffinose are utilized, as indicated by significant acid production from these substrates. In addition, citric and malic acids are always decomposed. Utilization of other sugars, alcohols, glucosides, or organic acids tested was not detected, which is in agreement with the work of Fornachon, Douglas, and Vaughn (1940) .
Neither indole nor hydrogen sulfide were produced, nor was nitrate reduced in any of the media used, although glucose was added to insure growth of the cultures.
Requirements for Growth Oxygen relations: Facultative. Initial isolation and culture is facilitated by the presence of carbon dioxide.
Temperature requirements: The optimum temperature for maximum acid formation from glucose in 7 days ranges from 28°to 34°C. The minimum temperature for growth in glucose media is approximately 15°and the maximum temperature is in the range of 40°to 43°.
pH range: The optimum initial pH value is variable. For maximum cell production and decomposition of glucose by growing cultures, the optimum initial pH range is from 4.5 to 5.5. For maximum decomposition of citric and malic acids, the optimum initial pH range is between 4.5 and 5.0. Growth has been observed in media with initial pH values of 3.8 and 8.0.
Alcohol tolerance: The limiting concentration of alcohol for growth of cultures in wine is between 15 and 18 per cent by volume.
Salt tolerance: The limiting concentration of salt (sodium chloride) for growth of cultures in suitable media is between 5 and 6 per cent (grams NaCI per 100 ml of medium).
Suitable media: The best medium for growth and maintenance of cultures of Lactobacillus hilga,rdii is liver infusion broth with liver particles. Cultures grown in this medium and held at 0°C remain viable for at least one year. Liver infusion broth with or without liver particles probably is best for preparation of cultures to be used as inocula. For growth of isolated colonies or mass cultures, liver infusion agar, tryptone glucose agar with tomato juice, or yeast infusion or autolysate glucose agar are satisfactory.
Distinguishing Characteristics
The characteristics of Lactobacillus hilgardii which differentiate it from the d-xylose, galactose, sucrose, maltose, and l-malic acid; of these, L. fructivorans ferments only l-malic acid (weakly), Betabacieriuni caucasicum only galacferments only l-malic acid (weakly), Betabacterium caucasicum only galactose (weakly), and L. trichodes only sucrose and maltose (both weakly). L. hilgardii does not ferment l-arabinose or mannose, whereas L. brevis ferments them strongly and B. caucasicum ferments mannose weakly. Morphological differences also are useful for distinguishing L. hilgardii from L. brevis and B. caucasicum. It will be noted that L. hilgardii and Lactobacillus Type II are similar. We believe that they probably are identical species. ±, weak activity; + moderate activity; ++, maximum activity. All fermentations were conducted at the optimum initial p H range for each culture. April, 1949 ] Vaughn-Douglas-Fornachon: Lactobacillus hilgardii,
TAXONOMIC RELATIONSHIPS OF SPECIES OF THE HINACTIVE" GROUP
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The description of Lactobacillus hilgardii makes it possible to consider the relationships of the "inactive" species to each other and to other species which have been described in the literature. Pederson (1938) considered Betabacierium caucasicum, L. fructivorans, and "a culture labeled Bacterium mannitopeurn" as resembling the L. brevis group because the cultures had similar optimum temperatures and fermented l-arabinose. Although Pederson indicated the need for further study, this raises the question of whether L. hilgardii also resembles the L. brevis group and whether the inactive cultures investigated here are merely strains of L. breois. Moreover, Orla-Iensen et ale (1947) have recently expressed their willingness to make the name Beiab acierium caucasicum a synonym of Betabacteriuni penioaceticum. 'Ve contend, however, that there are several well-defined species of "inactive" heterofermentative lactobacilli.
·The fermentation of pentoses and optimum temperature relations are used as primary characters for separation of the heterofermentative species of Lactobacillus. If these are valid criteria for taxonomic differentiation, as maintained by Oria-Jensen (1919 ,1943 and Pederson (1938 Pederson ( ,1939 Pederson ( ,1948 , then none of the "inactive" species are more closely related to one another or to L. breuis than are the other commonly recognized species L. buch.neri, L.
[ermenii and L. pastorianus to one another or to L. brevis.
It is true that the "inactive" species do resemble Lactobacillue brevis when optimum and maximum temperature relations are considered. (They all have optimum temperatures ranging between 25°and 35-°C and maximum temperatures of about 40°C or even less.) However, separation of the "inactive" species from L. brevis is not difficult when pentose and other carbohydrate fermentations are considered, as has been shown in table 1. Other criteria which serve to separate the "inactive" species from .L. brevis include differences in rate of growth, type of growth, growth requirements, cell morphology, and the effect of pH on fermentation (table 1)_ The general growth characteristics of Lactobacillus hilgardii, L. fructivoroans, L. trichodes, and Betabacteriusn caucasicum as compared with L. brevis are important for differential purposes. The "inactive" species all grow slowly even under optimum conditions. Visible signs of growth appear only after from 4 or 5' days to as long as 2 weeks. These species also tend to produce a flocculent sediment composed of chains of cells and filaments in the depths of liquid cultures, so that the supernatant liquid is left permanently clear or almost clear for some time. Cultures of L. brevis, on the other hand, produce abundant growth in 2 days or less; quickly grow throughout the liquid; and produce a minimum of filaments.
The "inactive" species also are much more exacting in their requirements for growth. Initial isolation and culture is facilitated by the presence of carbon dioxide; otherwise purification and maintenance of cultures is difficult. Growth of all the "inactive" species is stimulated markedly by the addition of tomato juice or yeast autolysate to the culture media; yeast autolysate is
